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(54) Circuit board with primary and secondary through holes 



(57) A circuit board is provided which has contacts 
on the surface arrayed to engage contact pads on a chip 
carrier bounded by a grid. A plurality of primary through 
holes are provided in the circuit board location within the 



grid in an interstitial array and electrically connected to 
respective first chip contact pads thereabove. A plurality 
of secondary through holes are provided which are lo- 
cated outside the grid and electrically connected to re- 
spective second chip contact pads. 
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Description 

The present invention relates to an improved multi- 
layer printed circuit board capable of achieving a high 
degree of wiring density. 

As modern chip carriers become more compact, it 
becomes ever more difficult to connect the carriers to 
underlying circuit boards without shorting between ad- 
jacent electrical contacts. Accordingly, it is desirable to 
develop a new design for circuit boards which will allow 
even greater wiring density than possible in the past. 

According to one aspect of the present invention 
there is provided a multi-layer circuit board for receiving 
a chip carrier having a high density array of electrical 
contact pads arranged in a grid, said circuit board com- 
prising 

an electrically insulating substrate having upper 
and lower surfaces, 

a plurality of electrical contacts on said upper sur- 
face for connection to the electrical contact pads of 
said chip carrier, 

a first wiring layer having electrical contacts therein, 
a second wiring layer having wiring traces therein, 
said second wiring layer being associated with the 
upper surface of said substrate, 
wherein said circuit board has primary through 
holes arranged within said grid in an interstitial array 
and secondary through holes located outside said 
grid, said primary through holes being in electrical 
communication with respective first electrical con- 
tacts of said upper surface, 

respective second electrical contacts on said upper 
surfaces being in electrical contact with said second 
through holes. 

In accordance with the present embodiment, a nov- 
el multi-layer circuit board is provided. This circuit board 
includes primary through holes arranged within the grid 
defined by the electrical contact pads of the chip carrier, 
these primary through holes being arranged in an inter- 
stitial array corresponding to a subset of the contact 
pads on the chip carrier. Those contact pads on the car- 
rier not connected to one ot these primary through holes 
are connected to secondary through holes arranged 
outside the chip carrier grid. 

Connecting only some of the chip carrier contact 
pads to through holes within the grid defined by the chip 
carrier opens the spacing between adjacent through 
holes in this area, thereby allowing more traces and wid- 
er trace widths, spaces and land sizes to be accommo- 
dated in these areas between adjacent through holes. 
This, in turn, facilitates higher wiring density and flexi- 
bility. Connecting the remaining chip carrier contact 
pads to through holes located outside the chip carrier 
grid allows denser arrays on the chip carrier, thereby 
contributing to compactness. As a result, through the 
use of blind vias, wiring density and flexibility are signif- 



icantly improved, while overall device compactness is 
still maintained. 

The present invention may be more readily under- 
stood by reference to the following drawings wherein: 
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Fig. 1 is a schematic longitudinal section illustration 
of a portion of a mufti-layer circuit board made in 
accordance with the present invention, the circuit 
board having mounted thereon a high density chip 
io carrier, 

Fig. 2 is a view similar to Figure 1 but showing ad- 
ditional layers of dielectric material and circuitry in 
accordance with this invention; 
Fig. 3 is a schematic illustration of the array of elec- 
ts trical contact pads on the circuit board to mate with 
the contacts on a chip carrier; 
Fig. 4 is a schematic internal plan view illustrating 
the array of primary through holes in the circuit 
board of Fig. 1 which are located within the grid de- 
20 fined by the chip carrier of Fig 1 ; and 

Fig. 5 is a schematic internal plan view similar to 
Fig. 3 showing the through holes located both inside 
and outside the interstitial grid. 

2S Refening to Fig. 1 , a novel multi-layer circuit board 
in accordance with the present invention, generally in- 
dicated at 1 0, is composed of three layers 1 2, 1 3 and 
14 of electrical insulating material such as FR4, a glass 
reinforced epoxy. The layer 1 2 has an upper surface 15, 

30 the layer 14 has a lower surface 16, and two intermedi- 
ate internal su rf aces 1 7 and 1 8 are defined between lay- 
ers 12/13 and 13/14, respectively. In addition, circuit 
board 10 includes a plurality of contacts 20 on the sur- 
face 15 of the substrate. These contacts 20 are ar- 

35 ranged in the pattern of the contacts on the l/C chip car- 
rier to be attached, which will be referred to hereinafter 
sometimes as the grid. Some of the contacts 20 are con- 
nected by blind vias 21 to filled plated through holes 22 
directly therebeneath. These holes 22 may terminate at 

40 surface 18, or, as shown in Figure 1, may continue 
through to surface 16. These holes 22 are sometimes 
referred to as the primary holes. Others of the contacts 
20 are connected by vias 21 to wiring 24 on surface 17 
or 1 8 which, in turn, is connected to plated through holes 

45 26, which can extend entirely through the substrate or 
extend from any surface 15, 16, 17 or 18 to any other 
surface. Moreover, wiring traces 24 can be provided on 
any of the surfaces 15, 16, 17 and 18 to interconnect 
holes 22, or 26 or vias 21 or pads 20. The spacing of 

50 the holes 22 and 26 allows for this wiring as will be ex- 
plained presently. As will be explained in more detail 
presently, the plated through holes 22 are located within 
the grid pattern of the chip carrier, and the plated through 
holes 26 are located outside the grid pattern. As shown 

5S in Fig. 2, element 1 3 may be comprised of multiple lay- 
ers of dielectric material and have multiple wiring layers 
24 within it that communicate with plated through holes 
22 and 26. Contacts 27 on the lower surface 1 6 are pro- 
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vided to allow solder balls 28 to connect the circuit board 
1 0 to pads 29 on components (not shown). (Similar con- 
nections are made with the embodiment of Fig. 1 .) This 
allows for a high density chip carrier to be connected to 
a substrate surface, and the electrical connections ex- 
tend from plated through holes spread out beyond inter- 
stitial grid pattern allowing more room for wiring on the 
surfaces 15 and 16 and more room for wiring on the in- 
terior of element 1 3. 

Mounted on circuit board 1 0 is high density chip car- 
rier 30. On its lower surface 32, chip carrier 30 defines 
a high density array of electrical contact pads 34 ar- 
ranged within a grid 44 defined by electrical contact 
pads 34 in the aggregate (see Figs. 3, 4 and 5). Solder 
balls 35 connect pads 34 to pads 20. Contact pads 34 
are closely packed together in an array and arranged, 
in the particular embodiment shown, in columns 36 and 
rows 38 perpendicular thereto (Fig. 3). The contact pads 
34 are in the same array as contacts 20 on surface 15 
of the substrate. 

As further illustrated in Fig. 3, electrical contact 
pads 34 are arranged in two groups, group A and group 
B. In particular, electrical contact pads 34 are arranged 
such that adjacent contact pads in each column, and 
adjacent contact pads in each row, are in different 
groups. This is shown in Fig. 3, where it can be seen 
that the two electrical contact pads 34 which are imme- 
diately adjacent "B" electrical contact pad 34 in column 
40 are in group A, while the two electrical contact pads 
34 which are immediately adjacent "B B electrical contact 
pads 34 in row 42 are also in group A. The pads of both 
group A and group B can be connected to surface 17 
with blind vias. 

In accordance with the present embodiment, 
through or primary holes 22 are arranged in an intersti- 
tial pattern or array corresponding to the array 32 of 
electrical contact pads 34 in chip carrier 30. By "intersti- 
tial array* is meant that the items in the array are ar- 
ranged in rows and columns such that the items in one 
column are offset (ram the rtemsjn adjacent_cplumns by. 
approximately one half the distance between the items 
in the column. By "corresponding to array 32" is meant 
that primary through holes 22 align or register with se- 
lected electrical contact pads 34 in chip carrier 30 ~ spe- 
cifically, with "B" electrical contact pads 34 of the chip 
carrier in the particular embodiment shown. 

This is illustrated in Fig. 4 which shows the pattern 
of primary through holes 22 in circuit board 10 as ob- 
served in the middle layer 13. As can be seen from this 
figure, each of primary through holes 22 is arranged in 
a column and a row in the same way as electrical contact 
pads 34 in chip carrier 30. In addition, primary through 
holes 22 are arranged so as to register with correspond- 
ing electrical contact pads 34 in the chip carrier. How- 
ever, since primary through holes 22 are offset from one 
another so as to form a corresponding interstitial array, 
the number of primary through holes 22 is approximately 
one-half the number of electrical contact pads 34 in the 
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chip carrier. Thus, primary through holes 22 register only 
with every other electrical contact pad 34 in chip carrier 
30 in particular, only with "B" electrical contact pads 34 
in chip carrier 30 in the embodiment shown. 

With this arrangement, approximately one half of 
electrical contact pads 34 of chip carrier 30, i.e. all of 
the "B" contact pads, are electrically connected to pri- 
mary holes 22 of the circuit board which are directly be- 
neath the B contact pads 34. These holes 22 are con- 
tained within grid 44 which is the outer boundary of the 
connection pads 34 on the chip carrier 30. This leaves 
approximately half of the remaining electrical contacts 
of chip carrier 30, i.e. all of the "A" electrical contacts, 
remaining for electrical connection in another manner. 
(It is to be understood that more or less than half can be 
connected to holes 22, but one-half is a typical config- 
uration.) 

In accordance with the present embodiment, these 
"A" electrical contacts are connected by blind vias 21 to 
wiring lines or traces 24 and/or multiple additional or 
second wiring layers not shown on surfaces 15, 16, 17 
and 18 to the secondary through holes 26 which are lo- 
cated outside the grid 44. This is illustrated in Figure 5, 
which shows that the plated through holes 26 are locat- 
ed outside the interstitial pattern in the grid 44. This can 
be accomplished in accordance with the present inven- 
tion by any conventional means. For example, the sur- 
face mount technology (SMT) techniques and the blind 
via techniques described in U.S. Patent No. 5,424, 4g2, 
U.S. Patent No. 5,451 ,721 and U.S. Patent No. 
5,487,218 can be used forthis purpose. The disclosures 
of these patents are incorporated herein by reference. 

Many approaches have been taken in the past for 
maximizing wiring density. When through holes such as 
primary through holes 22 become too closely packed, 
the maximum number and line width of the traces that 
can be accommodated between adjacent holes become 
significantly reduced, especially in intermediate planes 
as well as the lower surface of the circuit board. This is 
_a particular problem where the circuit board js designed . 
so that most if not all of the through vias in the board are 
formed or "dropped" within the grid of the chip carrier. 
Arranging some of the through holes in an interstitial ar- 
ray within the grid and others outside it, as described 
above, greatly lessens this problem as considerably 
more space is provided between adjacent through 
holes. 

It will therefore be appreciated that arrangement of 
through holes 26 outside the interstitial array of primary 
through holes 22 allows sufficient expansion of the 
spaces between all adjacent through holes in the de- 
vice. At the same time, it also keeps the device geom- 
etry, as a whole, as compact as possible. As a result, 
the desired goals of higher flexibility and greater density 
in component wiring is achieved without unduly increas- ' 
ing the overall size of the device. This is of particular 
advantage in modem electronic components where 
miniaturization is a continual goal. 
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In summary, there is described a circuit board is pro- 
vided which has contacts on the surface arrayed to en- 
gage contact pads on a chip carrier bounded by a grid. 
A plurality of primary through holes are provided in the 
circuit board location within the grid and electrically con- 
nected to chip contact pads thereabove. A plurality of 
secondary through holes are provided which are located 
outside the grid and electrically connected to the inside 
of the chip contact pads. 

Although only a few embodiments of the present in- 
vention have been described above : it should be appre- 
ciated that many modifications can be made without de- 
parting from the spirit and scope of the invention. For 
example, although the foregoing description has illus- 
trated the interstitial arrays of Figs. 3 and 4 as being 
composed of orthagonally-arranged rows and columns, 
it should be appreciated that an interstitial array can be 
composed of rows and columns arranged at an acute 
angle with respect to one another or even arranged in 
a circle. In addition, it should be appreciated that the 
holes 26 also can be filled plated-through-hole as are 
holes 22. All such modifications are intended to be in- 
cluded within the scope of the present invention, which 
is to be limited only by the following claims: 



arranged in groups of first electrical contacts and 
second electrical contacts such that the contact 
pads immediately adjacent each contact pad are in 
a different group from that contact pad. 

5 

3. A circuit board as claimed in claim 2, wherein said 
columns and rows are arranged at right angle to one 
another 

*0 4. A circuit board as claimed in claim 1, 2, or 3 wherein 
said primary through holes are filled. 
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Claims 

1 . A multi-layer circuit board for receiving a chip carrier 
having a high density array of electrical contact 
pads arranged in a grid, said circuit board compris- 
ing 

an electrically insulating substrate having up- 
per and lower surfaces, 
a plurality of electrical contacts on said upper 
surface for connection to the electrical contact 
pads of said chip carrier, 
a first wiring layer having electrical contacts 
therein, 

a second wiring layer having wiring traces 
therein, said second wiring layer being associ- 
ated with the upper surface of said substrate, 
wherein said circuit board has primary through 
holes arranged within said grid in an interstitial 
array and secondary through holes located out- 
side said grid, said primary through holes being 
in electrical communication with respective first 
electrical contacts of said upper surface, 
respective second electrical contacts on said so 
upper surfaces being in electrical contact with 
said second through holes. 

2. A circuit board as claimed in claim 1, wherein the 
electrical contacts in said mounting pad are ar- ss 
ranged in columns and rows, the electrical contacts 
in each column being aligned with the electrical con- 
tacts in adjacent rows, said electrical contacts being 
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5. A circuit board as claimed in any of the preceding 
claims further characterized by blind vias intercon- 
necting the first wiring layertothe second wiring lay- 
er. 

6. A circuit board of claim 5 wherein said second wiring 
layer is carried on the upper surface of said sub- 
strate. 

7. A circuit board as claimed in any of claims 1 to 4 
wherein said first wiring layer is on the lower surface 
of said substrate. 

8. A circuit board of claim 7, wherein said second wir- 
ing layer is intermediate the upper and lower sur- 
faces of said substrate, and further wherein the sec- 
ond electrical contacts of said mounting pad are 
electrically connected to respective wiring traces of 
said second wiring layer by means of blind vias. 

9. A circuit board of claim 8 wherein said circuit board 
includes multiple second wiring layers intermediate 
said upper and lower surfaces, at least one second 
electrical contact being in electrical contact with 
each of said second wiring layers. 

10. A circuit board as claimed in any of the preceding 
claims wherein said circuit board defines secondary 
through vias arranged outside said grid, said sec- 
ondary through vias also being in electrical commu- 
nication with respective first electrical contacts of 
said mounting pad and also with respective wiring 
traces of said first wiring layer. 

11. The circuit board of claim 10 wherein said second- 
ary through vias are arranged in the same interstitial 
array as said primary through vias. 

12. A method of forming a multilayer circuit board for 
receiving a chip carrier having a high density array 
of electrical contact pads arrayed in a grid compris- 
ing the steps of; 

providing an electrically insulating substrate 

having upper and lower surfaces, 

forming a plurality of electrical contacts on said 
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upper surface for connecting to the electrical 
contact pads of said chip carrier, 
forming a first wiring layer having electrical con- 
tacts therein, 

forming a second wiring layer having wiring s 
traces therein associated with said upper sur- 
face of said substrate, 

forming a plurality of primary through holes 
within said grid in an interstitial array and a plu- 
rality of secondary through holes located out- io 
side said grid, 

electrically connecting said primary through 
holes with first electrical contacts on said upper 
surface, and electrically connecting second 
electrical contacts on said upper surface with is 
said secondary through holes. 
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